Greenhouse gas control it is the key aspect for climate protection. As climate regulation became inevitable, companies started adopting more proactive strategies. One of the effective methods for greenhouse gas emission calculation is based on life cycle analysis. A carbon footprint is defined as the sum of greenhouse gas emissions caused by an organization, event, or product and is expressed in terms of CO2 equivalents. The investigations were devoted to greenhouse emission assessment during life cycle of willow wood production from short rotation coppice plantations. In accordance with results about 48% of carbon dioxide gas from all life cycle of willow was emitted during wood harvesting and transportation to energy plants.
INTRODUCTION
The most important aspect of the Kyoto Protocol is the flexibility to achieve the set limits on greenhouse gas emissions. The basis of this system is the "bubble" principle, used in the US to control emissions of sulfur dioxide. In accordance with the Directive of the European Parliament and Council in the EU member states, from January 1, 2005, trade in greenhouse gas emission quotas began. According to the state's needs to reduce greenhouse gas emissions, the operator in a certain region is given the number of quotas that operators can throw into the atmosphere. If the operator emits less than the established quota, the difference between the established quota and the actual emission can be sold. Regression modeling of the dependence of greenhouse gas emissions on the consumption of primary fuel and energy resources and economic development of the sectors was used to forecast greenhouse gas emissions.
At present, more and more producers are joining the so-called "carbon clubs", whose goal is to reduce greenhouse gas emissions (Renato et al, 2015) . This trend is due to number of reasons. Whereas in the early 1990s, corporations sought to block regulation of climate change-related issues, from the time they recognized such regulation in number of international instruments, they sought to develop an adaptive strategy. The companies saw new prospects for the market, improved reputation and production development in connection with climate regulation. In such circumstances, the most important issue is determining the amount of greenhouse gas emissions applied to the production of a particular type of product. Currently, one of the topical issues for businesses in the field of carbon strategy is the uncertainty of national policies in the field of greenhouse gas emissions regulation. One of the most effective methods is the calculation of the so-called "carbon footprint," based on the evaluation of the product life cycle. This approach is used by companies of various types of activities: industrial, energy, agricultural. Thus, studies were conducted to estimate greenhouse gas emissions in the production and use of electric vehicles. One of the sectors of agricultural production that accounts for a significant amount of greenhouse gas emissions is the production of beef (Subramaniam et al 2015) . The purpose of the research performed in Brazil was to calculate the "carbon footprint" per kilogram of live weight. At the same time, various methods of obtaining products were taken into account (Ruviaro et al 2015) . The need to estimate greenhouse gas emissions in the production of agricultural products and to develop new approaches aimed at reducing emissions is noted in a number of other publications (Hertwich et al, 2009; Tilman et al, 2011; Ruviaro et al, 2012) . Gas emissions from renewable energy sources are not taken into account when calculating quotas. Nevertheless, it is necessary to take into account those greenhouse gases that are emitted during the life cycle of obtaining an energy resource. In this regard, the methods of "carbon footprint" have been actively disseminated in assessing the effectiveness of renewable energy sources. Large hydro power plants are the main source of electricity production on a renewable basis at present. The method for analyzing the life cycle and calculating the "carbon footprint" is the most effective for estimating the potential reduction of greenhouse gas emissions in the construction and operation of hydroelectric power stations (Zhang et al, 2015) . Studies have shown that the low-carbon status of large hydropower plants is currently somewhat overvalued, and certain adjustments are needed to correct the situation in the future.
One of the most promising sources for obtaining thermal energy is biomass. To obtain biomass, it is also necessary to spend a certain amount of fossil fuel, which implies the emission of greenhouse gases. The Life Cycle Assessment (LCA) method was used in a number of studies related to various sources of biomass to generate energy, for example, algae (Lima et al, 2015) . These and other studies have shown that it is necessary to search for new approaches and technologies that allow reducing the amount of greenhouse gases in obtaining biomass (Dovi et al, 2009 ). One of the promising directions is the production of energy from the biomass of short-cycle tree plantations: willow, poplar, eucalyptus, etc. A study of the potential of fast-growing subspecies and hybrids of willow, poplar, aspen, miscanthus and other plants is being actively conducted in several countries (Sweden, Finland, Canada, Poland, and others) (Schweier et al, 2012) . In this connection, a particular interest is caused by willow, as a plant capable of growing under conditions of high moisture content, on different types of soils characterized by different levels of fertility. The natural conditions of central and Eastern Europe make it possible to consider willow as a promising crop for the creation of commercial energy plantations. In accordance with the decisions of the Kyoto Protocol, greenhouse gas emissions from the burning of energy crops, as well as from other sources of biomass that are produced on a renewable basis and used for energy production, are not taken into account when establishing carbon credits. The purpose of our research was to estimate greenhouse gas emissions in the process of growing willow on energy plantations. The obtained results will allow to estimate the real decrease in the amount of greenhouse gases when using willow wood as biofuel in comparison with traditional energy carriers.
METHODS OF RESEARCH
Plantations of fast-growing willow were laid in the ecological conditions of the Republic of Belarus. According to the results of research carried out in different agroclimatic zones of country (Grodno, Mogilev, Minsk and Brest oblasts), the yield of willow in Belarus was 9-12 t of dry wood per year, which corresponds to the indicators achieved in the USA or Sweden.
The study of the morphological parameters of willow plants, to assess the dynamics of their growth and development in the field, was carried out according to the adopted methods (Dospechow 2012). The yield of willow was determined by weighing in continuous harvesting in the plots. The results of measurements of morphological parameters and yields of willows from each plot were processed by the method of variance analysis. The moisture content in willow wood and the specific heat of combustion were determined in laboratory conditions. Emissions of greenhouse gases were determined according to accepted international and national methods (Global Warming 1995) .
RESULTS AND DISCUSSION
With a three-year cycle of wood production, the following results were obtained in experiments at the best sites: Developed peatlands: 9.9 t of wood per hectare in terms of one year and 10 percent moisture; Loamy sod-podzolic soils: 12.5 t of wood per hectare; Degraded peat-bog soils: 10.9 t of wood per hectare in terms of one year and 10% moisture.
Based on the results of the measurements the technology of cultivation of willow was adapted to specific soil and climatic conditions. The technology formed the basis for the development of technological maps for cultivation of crops, which in turn were used to perform economic calculations (Table 1) . When growing willow, greenhouse gas emissions are associated with the use of diesel fuel for performing technological operations.
When burning diesel fuel, the main greenhouse gas that is released into the atmosphere is carbon dioxide. The structure of fuel consumption and carbon dioxide emissions according to technological operations is shown in Figure 1 . Cleaning is the most costly operation in terms of fuel consumption (Raucci et al 2015) .
Based on the results of the assessment conducted for 55 farms, over the course of 3 years, greenhouse gas emissions from technological operations were distributed as follows: harvesting and processing residues -36%, fertilizer application -16%, liming -13%, pesticide use -7%.
When growing willows, more significant cleaning costs are associated with a relatively high crop yield. A significant impact on greenhouse gas emissions of technological operations related to the harvesting of short-cycle crops has been noted in other publications (Berhongaray and Ceulemans, 2015) . At the same time, it is stressed that special attention should be given to such a technological operation as weed control. In particular, it is from this aspect that the carbon balance in the soil largely depends. In our studies, an estimate of the emissions associated with soil carbon during the cultivation of willow on short-cycle plantations was not carried out.
The average calorific value of willow wood installed in our experiments was 18500 J/kg. This means that in terms of a year from one hectare of plantation, you can get 4.4 t of equivalent fuel, which is equivalent to about 3.9 thousand m 3 of natural gas and 3.2 t of heating oil.
In accordance with the obligations of the Republic of Belarus on the UN Framework Convention on Climate Change and the current market in the EU ETS system, the cost of one ton of carbon dioxide can be about 15 euros (Subramaniam et al, 2015) .
Thus, replacing fossil fuel with willow wood as an energy carrier will potentially allow about 4,000 euros per hectare of willow plantation over the entire life of the will, if the mechanism for trading carbon credits at the local level is implemented. Of course, this approach will serve as an additional incentive for wood producers for energy purposes from short-cycle plantations.
CONCLUSION
The receipt of any kind of renewable energy is associated with the use of fossil fuels (diesel, gasoline, natural gas, etc.). One of the most effective methods for estimating greenhouse gas emissions in the production process is the LCA method. The research proves the effectiveness of such an approach for estimating greenhouse gas emissions in obtaining wood for energy purposes from short-cycle willow plantations. The main Soil cultivation 13%
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amount of emissions is associated with the use of diesel fuel in the cultivation of plantations. Calculations carried out taking into account the optimal planned plant life (22 years from the moment of planting) showed that the main carbon dioxide emissions (48%) are related to such a technological operation as harvesting and transportation of wood. Reduce emissions is possible when optimizing the logistics of these technological operations. In particular, the organization of movement of harvesting equipment, optimization of cleaning, loading and transportation schemes, etc. Of great importance is the distance from the plantation of willow to the consumer (thermal power plant). From one hectare of willow, taking into account its yield and specific heat of combustion, it is possible to obtain 4.4 tons of equivalent fuel, which is equivalent to about 3.9 thousand m3 of natural gas and 3.2 tons of heating oil. The amount of CO2 emissions from burning willow wood for energy purposes will be 12,467 tons. For the entire service life (in terms of plantation area of 30 hectares), emissions associated with the consumption of diesel fuel will total 734 t. When replacing natural gas with an equivalent output energy, the amount of wood willow is a positive CO2 balance of 11,733 t. The cost of a quota for emissions of one tonne-equivalent of CO2 is currently on the international market of about 15 euros. Replacement of fossil fuels with willow wood is thus both environmentally and economically justified, both at the country level and individual energy producers. The implementation of this approach at the local level will serve as an additional incentive for wood producers for energy purposes from short-cycle plantations.
